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Glass- fiber compositions 



The present invention relates to a glass-fiber composi- 
tion that is biologically degradable. 

The prior art describes some glass -fiber compositions 
which are said to be biologically degradable. 

The biological degradability of glass -fiber composi- 
tions is of great importance because various studies point 
out that some glass fibers with very small diameters in the 
range of less than 3 microns are suspected to be carcinoge- 
nic, while biologically degradable glass fibers of such di- 
mensions show no carcinogenicity. 

However not only the biological degradability is of 
crucial importance but also the mechanical and thermal 
properties of the glass fibers, or the products produced 
therefrom, the resistance of the glass fibers and the 
processibility of the glass -fiber composition. For example 
glass fibers are used to a great extent for insulation pur- 
poses. For these applications sufficient moisture-resistance 
is necessairy. 

Also, the glass-fiber composition must permit process- 
ibility by known methods for producing glass fibers with a 
small diameter, for example the centrifugal technique, in 
particular the inner centrifugal technique (this technique 
is described for example in US-PS 4 203 745) . 

The invention is based on the problem of providing a 
novel glass-fiber composition that is characterized by bio- 
logical degradability, has good stability or resistance to 
moisture and is easy to process . 

The invention is based on the finding that this problem 
can be solved by a glass-fiber composition that substan- 
tially has considerable amounts of alkaline-earth oxide, 
alkali oxide and boron oxide and also contains barium oxide. 

It has turned out that such a glass -fiber composition 
fulfills the combination of the necessary properties, namely 
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biological degradability, resistance to moisture and good 
processibility. 

The object of the invention is a glass-fiber composi- 
tion that is biologically degradable, characterized by the 
following constituents in percent by weight: 



SiO 

2 


45 


to 60 


Al O 

2 3 


less 


than 2 


CaO + MgO 


10 


to 16 


Na O + K O 

2 2 


14 


to 20 


B 0 

2 3 


7 


to 18 


P 0 

2 5 


0 


to 4 


BaO 


1 


to 5 


Ti, Zr, Zn, sr, Fe, Mn oxide 


0 


to 1.5 


Diverse 


up to 0.5 



The inventive glass-fiber compositions are processible 
by the centrifugal technique. The obtained fibers have good 
resistance to moisture. Surprisingly enough, the glass-fiber 
compositions show biological degradability. The mean fiber 
diameter is preferably less than 10 microns and is in par- 
ticular between 2.5 and 5 microns. 

The inventive glass-fiber compositions preferably have 
the following constituents in percent by weight: 



Sio^ 
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to 


60 


Al O 




to 




S 3 
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1.5 


CaO + MgO 


10 


to 


13 


Na O + K O 


14 
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18 


B O 

3 3 
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14 
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3 S 
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to 


2.0 


Bao 
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5 to 
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Ti, 2r, Zn, Sr, Fe, Mn oxide 
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to 


1.5 


Diverse 




up to 


0.5. 
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According to a further preferred embodiment the inven- 
tive glass-fiber compositions have the following constitu- 
ents in percent by weight: 



Sic 

2 

Al O 

2 3 

Cao + MgO 
Na O + K O 

2 2 

B O 

2 3 

P o 

2 5 

BaO 

Ti, Zr, Zn, Sr , 
Diverse 



Fe, Mn oxide 



46 to 55 
less than 2 



10 


to 


14 




14 


to 


17 




10 


to 


17 
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to 


2. 


0 


3 


to 


5 
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to 


1. 


5 




up to 


0. 


5 



Barium oxide has a positive influence on moisture-re- 
sistance and presumably also on biological degradability. 

The inventive compositions can contain up to 1.5 per- 
cent by weight titanium oxide, zirconium oxide, zinc oxide, 
strontium oxide, lithium oxide, iron oxide and/or manganese 
oxide. Mixtures of 2 or 3 of these oxides are particularly 
preferred. 

Phosphorus oxide is preferably present in an amount of 
0.1 to 2 percent by weight, in particular 0.3 to 1.5 percent 
by weight. Phosphorus oxide has a positive influence on 
biological degradability . 

According to a preferred embodiment the composition 
contains less than 2 percent by weight magnesium oxide. 

The moisture-resistance of the inventive glass-fiber 
compositions was determined by a standard method known as 
the DGG method. In the DGG method 10 g finely groiind glass 
with a grain size between about 360 and 400 microns is held 
at the boiling point for five hours in 100 ml water. After 
guick cooling of the material the solution is filtered and a 
certain volume of the filtrate evaporated to dryness. The 
weight of the thus obtained dry material permits the amount 
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of glass dissolved in the water to be calculated. The amount 
is stated in milligrams per gram of tested glass. 

The biological degradability of the inventive glass 
compositions was tested by introducing 1 g of the glass 
powder, as described for the DGG method, into a physiologi- 
cal solution with the composition stated below and a pH 
value of 7.4: 



NaCl 6.78 
NH CI 0.535 
NaHCO 2.268 

3 

NaH PO H O 0.166 

2 '4 2 

(Na citrate) 2H^O 0.059 

Glycine 0.450 

H SO 0.049 

CaCl 0.022 

2 

Dynamic test conditions were selected as are described 
in Scholze and Conradt. The flow rate was 300 ml/day. The 
duration of the test was 14 days. The results are stated as 
percent of SiO in the solution x 100 after 14 days. 

The invention shall be described in more detail in the 
following with reference to examples. 



Example 1 



A glass of the following composition in percent by 
weight was melted: 



SiO 

2 

Al O 

2 : 

CaO 
MgO 
Na20 
K O 



57.5 
0.5 
8.0 
3.5 

15-8 
0.2 
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B O 12.0 

2 3 

BaO 2.0 

Diverse 0 . 5 • 



These glass compositions could be processed by the 
centrifugal technique . 

Using the above-described DGG method a value of 40 was 
determined. 

The above-described test for biological degradability 
yielded a value of 500. 



Example 2 



A glass with the following composition in percent by 
weight was melted: 



SiO 


56.5 


Al O 

2 3 


0.5 


CaO 


8.0 


MgO 


3.5 


Na20 


15.8 


K O 

2 


0.2 


B O 

2 3 


12.0 


BaO 


2.0 


P O 

2 5 


1.0 


Diverse 


0.5. 



These glass compositions could be processed by the 
centrifugal technique . 

Using the above-described DGG method a value of 40 was 
determined . 

The above-described test for biological degradability 
yielded a value of 600. 
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Example 3 

A glass with the following composition in percent by 
weight was melted: 



SiO 

2 


57.2 


Al O 

2 3 


0.8 


CaO 


7.0 


MgO 


2.0 


Na O . 

2 


18.0 


K O 
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0.5 


B O 

2 3 


12.5 


BaO 


2.0. 



These glass compositions could be processed by the 
centrifugal technique. 

Using the above-described DGG method a value of 20 was 
determined . 

The above-described test for biological degradability 
yielded a value of 500. 



Example 4 

A glass with the following composition in percent by 
weight was melted: 



SiO 
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MgO 
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These glass compositions could be processed by the 
centrifugal technique - 

Using the above-described DGG method a value of 20 was 
determined. 

The above-described test for biological degradability 
yielded a value of 600. 
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Claims 

1. A glass-fiber composition that is biologically de- 
gradable, characterized by the following constituents in 
percent by weight: 

SiO 45 to 60 

Al O less than 2 

2 3 

CaO + MgO 10 to 16 

Na O + K O 14 to 20 

2 2 

BO 7 to 18 

2 3 

P O 0 to 4 

2 5 

BaO 1 to 5 

Ti, Zr, Zn, Sr, Fe^ Mn oxide 0 to 1.5 

Diverse up to 0.5. 

2. The glass-fiber composition of claim 1, character- 
ized by the following constituents in percent by weight: 

SiO 53 to 60 

2 

Al O 0 to 1.5 

2 3 

CaO + MgO 10 to 13 

Ma O + K O 14 to 18 

2 2 

BO 8 to 14 

2 3 

P O 0 to 2.0 

2 S 

BaO 1.5 to 3 

Ti, Zr , Zn, Sr , Fe, Mn oxide 0 to 1.5 

Diverse up to 0,5. 

3. The glass-fiber composition of claim 1, character- 
ized by the following constituents in percent by weight: 

SiO 46 to 55 

2 

Al O 1.5 to 4 

2 3 

CaO + MgO 10 to 14 

Na O + K O 14 to 17 
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B O. 



10 



to 17 



2 

P o 



3 



0 



to 



2.0 



2 



BaO 



3 



to 



5 



Ti, Zr, Zn, Sr, Fe, Mn oxide 
Diverse 



0 



up to 0.5. 



to 



1.5 



4. The glass-fiber composition of any of claims 1 to 

3, characterized in that the composition contains up to 1.5 
percent by weight titanium oxide, zirconium oxide, zinc ox- 
ide, strontium oxide, lithium oxide, iron oxide, manganese 
oxide and mixtures thereof. 

5. The glass-fiber composition of any of claims 1 to 

4, characterized in that the composition contains 0.1 to 2 
percent by weight, in particular 0.3 to 1.5 percent by 
weight, phosphorus oxide. 

6. The glass-fiber composition of any of claims 1 to 

5, characterized in that the composition contains less than 
2 percent by weight magnesium oxide. 



INTERNATIONAL SEARCH REPORT 



Intemau Application No 

PCT/EP 95/01992 



A. CI-ASSinCZATION OF SUBJIiCr MA'n iiR 

IPC 6 C03C13/00 



According to intcroanonal Patent (^laxsificatton (IPC!) or to both naaonal clasnficauon and IPC 



B. FinLDS SliARCHHD 



Minimum documcntauon .searched (dassificauon system followed by classification symbols) 

IPC 6 C03C 



Documentation searched other than minimum documcntauon to the extent that such documents arc included in the fields searched 



niectronic dau base consulted during the intcmauonal search (name of data base and, where practical, search terms ased) 



C. DOCIJMRNTS CONSIDI-RI-D TO BE RIXKVANT 



Category * Citation of document, with indtcauon, where appropriate, of the relevant passages 



Relevant to claim No. 



EP.A.O 588 251 (SCHULLER INTERNATIONAL, 

INC.) 23 March 1994 

see claims 1-3; tables 1,2 

EP,A,0 019 600 (QY PARTEK AB) 26 November 
1980 

see claim 1 

EP,A,0 412 878 (ISOVER SAINT-GOBAIN) 13 
February 1991 
see claims 

-/-- 



1-6 



1-6 



Further documents are listed in the continuaoon of box C. 



0 



Patent family members arc listed in annex. 



* Spcaal cacegoncs of atcd documents : 

'A' document defining the general state of the an which is not 

considered lo he of panicidar relevance 
'E' earlier document but published on or after the intemaoonal 

filing date 

'1/ document which may throw doubts on pnoniy claim(s) or 
which IS atcd to establish the publicaQon date of another 
atation or other speaal reason (as specified) 

'O' document rcfemng to an oral disclosure, use, exhibition or 
other means 

'P' document published pnor to the intcmauonal filing dau but 
later than the pnonty date claimed 



"V later document published after the mtemational fihng date 
or pnonty dale and not in conflict with the application but 
atcd to understand the pnnciplc or theory tmdertying the 
invenuon 

'X* document of parucular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an invenuve step when the document is taken alone 

'Y' document of parucular relevance; the claimed invenoon 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu* 
menti, such combinauon being obvioas to a person skilled 
in the art. 

'SL' document member of the same patent family 



Date of the actual completion of the intcmauonal search 



10 August 1995 



Date of mailing of the mi 



>f the II 

31. 



1 search report 



Name and mailing address of the ISA 

Huropean Patent Office, P.R. S818 Patentlaan 2 
Nl. • 2280 I IV Rtiswijk 
Tel. ( + 31 -70) 340-2040. Tx. 31 651 epo nl. 
Fax: (i- 31-70) 340-3016 



Authonzcd officer 



Van Bommel , L 



Fom PCT;1SA'3I0 (iccond sheet) (July 1993} 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



C^Cononuanon) DOCUMENTS CONSIDERED TO DH RELHVANT 



(nlcnuL . Application No 

PCT/EP 95/01992 



Category ' 



Ciuaon of document, with mdicaoon. where appropnale. of the relevant passages 



Relevant to claim No. 



GLASTECHNISCHE BERICHTE. 

vol. 64, no. 1, January 1991 FRANKFURT 

DE. 

pages 16-28, XP 000178832 

R. M. POTTER ET AL. 'Glass Fiber 

Dissolution in a Physiological Saline 

Solution' 

see page 26 - page 27; table 2 



Fonn PCT/ISA/210 IcoMiniiatiaa or mobiM ihcu) (July 199]) 



INTERNATIONAL SEARCH REPORT 


IntenuL . Applicaiion No 








PCT/EP 


95/01992 


Patent documcni 
cited in search report 


Publication 
date 


Patent family 
mcmbcr(s) 


Publication 
date 



EP-A-588251 23-03-94 US-A- 5401693 28-03-95 

CA-A- 2106412 19-03-94 
JP-A- 6321578 22-11-94 



EP-A-19600 26-11-80 



SE-B- 


418961 


06-06-81 


JP-C- 


1195154 


12-03-84 


JP-A- 


56014450 


12-02-81 


JP-B- 


58024385 


20-05-83 


SE-A- 


7904044 


10-11-80 


US-A- 


4312952 


26-01-82 


US-A- 


4381347 


26-04-83 



EP-A-412878 


13-02-91 


FR-A- 


2650821 


15-02-91 






FR-A- 


2658182 


16-08-91 






AU-B- 


630484 


29-10-92 






AU-A- 


6002590 


14-02-91 






CA-A- 


2022446 


12-02-91 






CN-A,B 


1049834 


13-03-91 






CN-A- 


1093066 


05-10-94 






DE-D- 


69007369 


21-04-94 






DE-T- 


69007369 


13-10-94 






ES-T- 


2053139 


16-07-94 






HU-B- 


210633 


28-06-95 






JP-A- 


3093650 


18-04-91 






PL-B- 


165859 


28-02-95 






SI-A- 


9011548 


31-12-94 






US-A- 


5108957 


28-04-92 






US-A- 


5250488 


05-10-93 



Foiro PCT/ISA/aiO (patent famUy annu) (July 1993) 



